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(54) 4-Subslltuted pyrrolopyrimidine compounds as tyrosin kinase inhibitors 

(57) Novel 4-substituted 7H-pyrroio[2,3-d]pyrtmidme derivatives, useful as tyrosine kinase Inhibitors, encompassed 
by lolowing formula (I) 




(I) 



wherein 



CD 

ID 



X IS -CHg% -Nl-KCH2)n-r •'0'"(CH2)n" or -S"'(CH2)n" in which n is zero or 1 ; 

A is a mono- or bicycllc ring chosen from phenyl, pyridine, ietralin, indan, 2-oxindde, quinollne, tso- 

quinoline and indole; 
R ts hydrogen, OyO^ alky! or benzyl; 

each of Ri and Rg^ independently, is hyckogen, halogen, CrC4 alky!^ C^-C4 alkoxy, NRgRe in which each of R5 and 
Rg independency is hydrogen or CyC4 atkyl, phenyl unsubstituted or substituted by one to three 
substituents chosen from halog^, tr»luoromethy[» Ci-C4 alkyi and C1-G4 alkoxy; 

each of R3 and R4, independently, is hydrogen, Ci"C4 alkyl» halogen, hydroxy, CrC4 alkoxy, Ci"C4 alkoxycarbonyl, 
nitror cyano or trrfluoromethyl; 

and the pharmaoeutically acceptable salts thereof are provided. 
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Description 

The present tiwention relates to new 4-substituted 7H-pyrro!o[2,3-cf^yrlmlcine corr^iBids, to a process for ther 
preparation, to pharmaceutical corrpositions containing tiiem and to their use as therapeutic agents. In particular as 

6 tyrosine kinase inhibitors, 

Australian patent application 9222817 discloses 4-benzylamino substituted pyrroio[St,3-d]pyrimidines having hair 
growth promoting activity. EP-A-478292 describes 4-benzyIoxy substituted pyrroio[2,3-d]pyrimidines useful as interme- 
diate compounds in the pr^aration of purine nucleoside phosphorilase inhibitors. J.Pharm,Sci. 54(12), 1826-7 (1 965) 
describes the preparation of 4-benzyIttiio-7H-pyrro!o[2.3-d] pj^midine. The preparation of several 4-substrtuteij pyr- 

10 rolo[2,3-d]pyrlmicfirtes is also disclosed in ^Heterocyclic Chem, 22, 859 (1985) and ibid^ 6{2). 207-13 (1969), 

The present ir^enl^on provides novel 4*substituted 7H*pym)lo[2,3-d]pyrimidine compounds having the blowing 
formula (I) 




R 



SB 

wherein 

X is -CHg-, -NH-(CH2)n, O'iO^rC or 'S-(CHg)n' in which n Is zero or 1 ; 

30 A Is a mono- or bicydlc ring chosen from phenyl, pyrldinei tetralbi, Indan, 2-oxlndole, qulnc^ine, iso- 

quinoline and indole; 
R is hydrogen. "C4 alkyi or benzyl; 

each of Ri and Rgr independently is chosen from hydrogen, halogen, C1-C4 alkyi, C1-C4 atkoxy, NR5R6 rn which 
each of R§ and Rg independently is hydrogen or CrC4 alkyl and phenyl unsubstituted or substl- 
36 tuted by one I0 three substituents chosen from halogen, trifluoromethyl. CrC4 alkyl and -04 

alkoxy; 

each of R3 and R4, independently, is hydrogen, O^-O^ alkyl, halogen, hydroxy. C1-C4 alkoxy, C1-C4 afkoxycarbonyl, 
nitro^ cyano or trifluoromethyl; 

40 and the pharmaceutically acceptable salts thereof; 

and wherein, when at the same time^ X Is "NH-{CH2)n-, -0-[0H^^- or "S-(CH2)fj-, R is hydrogen or Ci -C4 alkyl and A is 
phenyl, pyridine, quinoline, isoquinoline or indole, then at least one of Rj and Rg is other than hydrogen, halogen, Cr 
C4 alkyl, C^-C4 alkoxy or NRgR^ as defined above; 

and wherein, when at the same time» X is -NH% A is phenyl; one of R^ and R^ is hydrogen, C1-C4 alkyl or phenyl unsub- 
45 atituled o( substituted by halogen, trifluoromethyl, C1-C4 alM ox G1-C4 alkoxy and the other is C1-C4 alkyl or phenyl 
unsubstituted or substituted by halogen, trlfluoromethjrf, 01-64 aS^yl or Ci*C4 alkoxy; and R3 and R4 are halogen, trif- 
luoromethyl, 01-04 aikyi or C1-O4 alkoxy; 
then R is other than hydrogen. 

The X bridge may be located on either of the ring A moieties when A Is a blcyclic ring, preferably it is located on the 
so benzene moiely. The R3 and R4 substituents in tetralin, indane. qukic^ine, isoquinoline ^d indde may be on ei^er of 
the ring moieties, preferably they are attached to the benzene merely. In 2-oxindole the R3 and R4 substituents are only 
located on the benzene moiety 

The invention includes within its scope all the possible isomers, stereoisomers and their mixtures, and the metabolites 
and the metabolic precursors or blo-precursors (othenvlse knovm as prodrugs) of the compounds of formula (1). 
ss The X bridge is preferably linked to position 1 or 2 when A Is tetralin, to position 5 when A is rndane. indole or 2-oxfndc^e, 

to position 5 or 6 when A is quinoline or isoquinoline. 

Of course only one of the X, R3 and R4 substituents can be linked to the same position in ring A. 
An all^l group or an alkyl moiety in a alkoxy group may be branched or straight alkyl cf^aii. 
A G1-C4 aikyl group is preferably a 0^-02 alkyl, that is ethyl or methyL 
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A C1-C4 alkoxy group is preferably a methoxy or ethoxy group. 

A halogen atom Is for example fiuoro, chloro, bromo or lodlo, in particular bromo or fluoro. 
The term tetralin is meant to refer to 5,6. 7 ,8-tetfahyclro-naphthalene. 

In term X when X is -NHCH2-rOCH2- or -SCH^- it is underwood that the linkage wl^ the pyrroloI2,3-d]pyrimidine ring 
5 occurs through the N, 0 or S atom, 

Pharmaceutically acceptable salts of the compounds of the invention include acid addition salts with inorganic acids, 
e.g. nrtfic, hydrochloric, hydrobromic, sulphuric, perchloric and phosphoric acid or organic acids, e.g, acetic, trifluorace- 
tic, propionic, ^ycoFic, lactic, oxalic, maloryc, malic, mafeic, tartaric, citric, benzoic, cinnanr^c, mandeflc and satk>yHc 
acid. 

w As stated above, the present invertficwi ateo includes within its scope pharmaceutlcaliy acceptable bio-precursors (oth- 

enwise known as prodrugs of the compounds of formula CO* ^-S- compounds which have different formula to formula (1) 
above but which, nevertheless, upon administration to a human being are converted directly or indirectly In vivo into a 
compound of formula (l). 

Preferred oonrpounds of the InventicKt are the conr^ourids of lomnula (Q, wherein 

IS 

X is "O", "S", 'CHg- or -NH-(CHg)n- in which n Is zero or 1; 
A is tetraiin, indan or 2-oxindole; 
R IS hydrogen; 
and R2 are H; 
20 R3 and R4 are H or halogen; 

and the pharmaceutically acceptable salts thereof. 

Examples of preferred specific oompotmds of formula (1) are the following conpounds: 

26 4"(2"tetralylthio)-7H-pyn'oloE2,3-d]pyrimidine; 

4-(5-indanylamino)-7H-pyrrolo|2,3'-d)p)^imidine; 

4"(4Hndanyiamino)"7H-pyrrotoE2,3-d]p)^imidine; 

4-(1-tetralylamino)-7H'-pyrrolo[2,3-d]pyrimidine: 

4-{2"tetralylamino)"7H-pyrroloI2.3'djpyrimidine: 
30 4-{5»tetra]ylamlno)"7H'pyrrolo[2,3-d]pyrimldlne; 

4-(2-oxindoi-5-ylamlno)-7H-pyrrolo[2,3-d]pyrlm]d]ne: 

4-(7-bromo-5-indanylamino)''7H-pyrfo]o[2,3'd]pyrimidine: 

4'-(6-bromo"4-lndanylamino)-7H-pyrro]o[2,3-d]pyrlmidine ; 4-(3"bromo-1 *tetrafylamino)-7H-pyrrolo[2,3<H:3yrlmidlrte; 

4-(4-te'omO"24etralylamlno)-7H-pyrroloE2,3KllpyrimicSne; 
36 4-(5-tndanyloxy)-7H-pyrrolo[2,3"d]pyrlmidine ; 

4"(1"tetralybxy)"7H"pyrroloE2,S-d]pyrimidine; 

4-(2-tetralyloxy)-7H-pyrroloj2,3-cF|pyrimidine; 

4-(2-oxlndol-5-yloxy)'7H-pyrrolo[2,3-d]pyrimldinG: 

4-(5-indany]methyJ)-7H-pyrrolo[2,3-d]pyrlmidine; 
40 4-(2-tetralyim8thyl)-7H-pyfrolot2,3-d[|pyrimidine; 

4-(2-oxindol-5"yfmethy})-7H-pyrroio[2,3-d]pyrlmidine; 

4'benzyl-7H-pyrroia[2,3-djpyrimjdlne; 

4-{4-pyridylmethyl)-7H-pyrfolo[2,3-d]pyrimidine; 

4-(5-indolylmethyl)-7H-pyrroloE2,3-d]pyrimidine; and 
4S 4-{6-qiilnolylmethyl)-7H-pyn'doI2.3-cQpyrimid]ne; 

either as single isomers or as a mixture thereof and the pharmaceutlcaliy acceptable salts thereol 

A further object of the present invention is also to provide a 4-substituted pyrrolo[2,3-d]pyrimidine compound of for- 
mula (1) as defined abcnre, or a pharmaceutlcaliy acceptai^e salt thereof, for use as an active therapeutic substance, in 
50 particular as tyrosine kinase inhibitor 

Object of the Invention is also a pharmaceutical conposition comprising a compound of formula (I), or a pharmaceutl- 
caliy salt hereof, as defined above, as an active principle and a pharmaceutlcaliy acceptable excipient (which can be a 
carrier and/or diluent). 

The conipounds of formula (1) and the pharmaceutically acc^able salts thereof, defined hereafter as the "com- 
56 pounds erf tiie kwention" or as the "active agents" of the Invention. 

The ccnnpounds of formula (Ot and ^e salts thereof, can be c^tained by a process conprlsing: 

a} reacting a ccmipound of formula (II) 
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35 



40 
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50 



SS 




{ID 



wherein R, and R2 are as defined above and L Is a leaving group, with an amine compound of formula (111) 



(Ill) 



wherein n, A, R3 and R4 are as defined above, ihus obtaining a compound of formula (I) in wNch X -NH-CCHg)^- 

;or 

b) reacting a compound of fornnia (II) as defined aixwe, witfi an hydroxy compotmd of Ibnnula (!V) 
HO-{C%),-^X^ 



{IV) 



wherein n, A, R3 and R4 are as d^ined stocm, thus obtaining a compound of tonrtuta (I) in which X is '0(CH^„-; or 
c) reacting a compoimd of fbmiula {Wj as defined sboMS, with a ^io compound of formuia (V) 

,R, 

(V) 



HS-(CH,)„ 



wherein n. A. R3 and R4 are as defined ^ove, thus giving a oonpound of formula (!) in whk^ X Is -S-{C}^z)n'*' or 
d) hydrolyzing and decarboxylating a compound of formula (VI) 



CO-NH 



CO-NH 




(VI) 



R2 N K 



wherein A, R, Ri . Rg^ R3 and R4 are as defined above, thus providng compourds of formtla (I), where'm X is -CHg-; 
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and, if desired, converting a compound of formula (!) Into another compound of formula (1), and/or, If desired, converting 
a compound of formula (!) into a salt thereof, and/or, If deswred, conv^ting a salt of a compound of formula (I) into a free 
compound of formula (I), and/or. if desired, separating a mrxture of isomers of a con^und erf formula (!) Into the single 

isomers. 

5 A leaving group L in a compound of formula (H) is for instance chloro, 1,2.4-triazol-1-yl or methylthio. 

The reaction of a compound of fornuiia (H) wherein L is chloro with a compound of fbrmida (II!) according to process 
step a) ray be carried out usir^ known methods. e.g. as described by Bullock et al. In J,Am.Chem.Soc. 78, 3693 
(1956). The reaction is carried out In the presence of a suitable organic inert solvent, for example an alkanol or ester 
such as methanolr ethanol, isopropanol, methyl celiosolve or ethyl acetate, a halogenated solvent such as dichlo- 

w romethane or chloroform, an ether such as tetrahydrofuran or dioxane, a dipolar aprotic solvent such as dimethyl for- 
mamide or dimethyl acetamkUe. Preferably the solvents isopropanol or methyl cellosoh/e are used. The reaction Is 
conveniently earned out at a tenrperature in the range from about 10 to about 150*C, preferably in ^e range from about 
20 to about sec. In general only 1 equivalent of amine compound (111) is used, thus giving the hydrochloFide salt, which 
precipitates on cooling. To obtain the free base from the salt, the salt may be treated with a suitable base in the pres- 

IS ence of an ajppropriate solvent such as the ones mentioned above. Suitable bases are e.g. organic arNnes such as tri- 
ethylanr^ne or pyridine^ or inorganic bases such as sodium carbonate or sodium hydroxide. Alternativriy 1o cl>iain 
directly tiie free base of formula (I) one may apply more ^n 2 equivalent of amine compound (III) in the reaction. 
The reaction of a compound of formula (H) wherein L is chloro with a compound of formula (IV) according to process 
step b) may be carried out by using known methods, e.g. as described by Prasad et al. in J.Am.Chem,Soa 79, 6401 

20 (1 957), The reaction Is preferably carried out in a protic solvent e.g. water or aqueous alkanol such as aqueous meth- 
anol, ethanol or isopropanol in the pres^e of a suitable alkali base such as sodium or potassium hydrc»dde. The reac- 
tion tenperatures are ranging from about 0 to about 100*C, preferably the range is from about 50 to about 100'C. 
Alternatively the hydroxy compound of formula (IV) is at first transformed into its metal salt in an aprotic solvent, which 
is then reacted with the compound of formula (11). For example the metallation of compound (IV) may be carried out with 

25 metal compounds like NaH or HahiH2 in an aprotic solvent such as tetrahydrofuran. ethyl ether. DMF or benzene. The 
metal sail is then reacted with compcxind (II) in the same aprotic solvent at temperatures ranging from ai^out 0 to about 
100'*C, preferably in the range from about 20 to about 40"C. 

The reaction of a compound of formula (il) with a thiol compound of formula (V) according to process step c) may be 
carried out using known methods, e.g, as reviewed in Heterocyclic Compounds vo[,8, page 335 (1967, Editor R.C. 
30 Elderfietd). Suitable reaction solvents are protic solvents, e.g> water» alkanols such as methanol, ethanol and isopropa- 
nol or ethers such as tetrahydrofuran or dioxane. In order to obtain the corresponding metal mercaptide, whidi is the 
actual reac^rrt, the reaction is carried out in the presence of a suitable alleli base, e.g. an alkali hydroodde sudi as 
sodium or potassium hydroxide, an alkali alkoxide such as sodium or potassium methoxide. sodium or potassium ethox- 
tde or sodium or potassium methoxyethoxide. The reaction temperature may vary from about 0 to about 120°C. preter- 
ms ably from 40 to 80^C. 

The hydrolysis and decarboxylation erf a compound of formula (VI) according to process step d) may be carried out 
using known methods, e.g. as described in J.Het.Chem. 14i 1081 (1977) by A. Sco^fllle arid RXSmith. Suitable ruction 
solvents are protic solvents, e.g. water or aqueous alkanois such as methanol, e^anol or isopropanol The hydrolysis 
step is carried out in alkaline conditions, e.g. in the presence of an alkali hydroxide such as sodium or potassium 
4<? hydroxide. The reaction temperature may range from room to reflux temperature, preferably reflux temperature is 
applied. The decarboxylation step is carried out in slightly acscfic conditions, e.g. in the presence of a mineral acid such 
as hydrocHoric add. The reaction temperattft-e may vary from room to reflux temperature, preferably r^lux tenperature 
is used. 

The optional salification of a compound of formula (1) as well as the conversion of the salt into the corresponding free 
4S compound and the separation of the mixture of isomers into the single isomers as well as the conversion of a compound 

of formula (1) into another compound of formula (I) may be carried according to knwn methods. 

The conversion of a compound of formula (1), wherein X is -0"(CH2)n- or -S-(CH2)n" into a compound ((), wherein 

X Is '■NH-(CH2)n" c^ be carried out, according known methods, by a displacement reaction with an amine compound 

of formula (111) as defined above. E.g. according to Elion et al. in J.Am.Chem.Soc, 24. 41 1 (1952) the thio compound of 
60 formula (I) is heated with the amine compound of formula (111) in aqueous solution In a sealed tube at temperatures 

ranging from about 130 to about 180^0. 

The compounds of formula (II) are known or may be coined by kjown methods from known compounds. For 

example the 4-'Chloro compounds of formula (II) wherein L is chloro are prepared by cWorodehydroxylaiion of the cor- 

re^onding 4-hydroxy-7H"pyrro)o[2r3<lJpyrimtdlne derivatives of formula (VI t) 

66 
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OH 




(VII) 



R 



using conventional methods, e,g, by reaction with POCI3. The intermediate of fontiula (II), wherein L is 1,2,4-triazol-1- 
y!, can be prepared e.g. by adding gradually POCI3 to a mixture of compound of fbniiuta (VII) (1 equivalent) and 1 ,2,4- 
triazole (3 equivalent) in pyridine solution at temperatures ranging from room to reflux temperature. 
The compounds of formula (Vtl) are known or may be obtained by known methods from known compounds. For eixam- 
pie 4-hydroxy-7H"pyrrolol2,3-cOpyrimfdlne is obtained by Raney-Nickel reduction of 4"hydrQxy"2-merc^3to-7H-pyr- 
rolo[2,3-d] pyrimidine, which tn turn is obtained by alkaline condensation of 4,4-diethoxy'"2-cyanobutyrlc acid ethyl ester 
and thiourea as described m Chem.Ber, HI, 2925 (1978). 6'Phenyl-4-hydroxy-7H-pyrrolot2,3'd]pyrimidlne may be 
obtained from 2-amino-3-carbethoxy-5-phenylpyrrole by condensation with formamide. The iatter conpound is pre- 
pared by alkaline condensation (NaOEt) of phenacylbromide with ethyl amidlnoacetate. 

The compounds of tbrmuia (VI) can be made by using ttw iwcess of A-Scovile and RX.Smith as described in 
J.Het.Chem. 14, 1 081 (1 977), Accordingly a compound of formula (II), in which L is chloro and and R2 are as defined 
above, is reacted with a compound of formula (VIII) 



in which A, R3 and R4 are as defined above. 

The compounds of formulae (III), (IV), (V) and (VIII) are either known compounds or may be obtained by known meth- 
ods from known compounds. 

When in the new compounds of the pr^ent invention and in the intermediate products used for their preparation there 
are groups present which need to be protected before the above<iesraribed reactions are performed, they may be pro- 
tected before the reaction takes place and then d^rotected at the end of the reaction, accordNig to well known methods 

in organic chemistry. 



The conpourds of the invention possess ^eciflc tyrosine kinase inhibiting activity. It is believed that tyrosine 
l^nase inhibitors may be of great importance in the control of uncontrolled cellular reproduction, i.e. in cellular reproduc- 
tion disorders. Hence, the compounds according to the present invention can be useful in the treatment of pathological 
proliferation disaders in mamnrmls, Including humans. Typical examples of such disorders are tumors^ including leuke- 
mia, anj psoria^s. The compounds of the invention can also be useful in inhibiting the development of the atheroma- 
tous plaque and In the contn^ ctf an^ogenesis and as anti-metastatic agents. 

Recent stucfies on the molecular basis of the neoplastic transformation have identified a family of genes, designed 
oncogenes^ whose aberrant expression causes tumorlgenesis. For example, the RNA tumor viruses possess such an 
oncogene sequence whose esq^ression determines neoplastic conversion of infected cells. Several of their oncogene- 
encoded proteins, such as pp60^'®''^ p709^9•y*^ pi309^^'*P® and p70^'^^ display protein tyrc^ine kinase activity, that 
is they catalyze the transfer of the y-phosphate from adenosine triphosphate (ATP) to tyrosine residues In protein sub- 
strate. In normal cells, several growth factor receptors, for example the receptors for PDGR EGF, a-TGF and insulin, 
display tyrosine kinase activity Binding of the growth factor (GF) activates the receptor tyrosine kinase to undergo auto- 
phosphoryiation and to phosphorylate closely adjacent molecules on tyrosine. Therefore, it is thought that the phospho- 
rylation these tyrosine kinase receptors plays an important role in signal transduction and the principal functton of 
tyrosine kinase activity in normal c^fs is to regulate cell grow^. Perturbation of this acHvlty by orKX)genic tyro^ne 
kinases that are ^er overproduced and/or display altered substrate speclficsty may cause loss of growth ccwr^trol 
and/or neoplastic transformation. Accordingly, a specific inhibitor of tyrosine kinase can be useful In Investigating the 
mechanism of cancerogenesis. cell proliferation and differentiation and it can be effective in the prevention and chem- 




(VIII) 
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otherapy of cancer and in other pathologtoal protiferative conditions. 

Hence the compounds according to the present invention can be useful in the treatment of pathoiogicai proliferation dis- 
orders in rnammals. including humans, 

A human or anin^t, e.g. a mammal, thus be treated by a method comprising the administration thereto of iherapeu- 
5 tically effective amount of one of the conpounds of the Ir^enftion. In Itils way the condition of the human or anima! may 

be improved. Amelioration of the disease state or disorder from which the human or animal is suffering can be achieved. 
Typical examples of such disorders are benign and malignant tumours, including leukaemia such as myeloblastic leu- 
kaemia, lymphoma, sarcoma, neuroblastoma, Wilm's tumour, malignant neoplasm of the bladder, breast, lung or thy- 
roids neopla^as of epithelial origin, such as mammacarcinoma. Moreover, they can be useful in the treatment of 
10 epidermal fij^iprolifertlon, such as psoriasis. The compc»jnds of the invention can also be useftd in InhilMting the 
development of the atheromatous plaque and restenosis, in the control of angiogenesis, as anii-metastatic agents and 
in treating diabetic complications. They have also utility in the control of Immune system diseases, e.g. as immunosup- 
pressants, as far as protein tyrosine kinases are involved in these diseases. 

The tyrosine specM'^ protein kinase activity of the compounds of the invention is shown, e.g., by the fact ^at they are 
ts active In Hie in wtro and in vivo t^ described herebetow, 

in Vitro Assay 

p45 v-abi kinase purif Icalion 

20 

The enzyme used in our tests is the p45 v-abi tyrosine kinase which represents the catalytic domain of the Abelson 
t^osine kinase (isolated from the Abelson murine leukemia virus). The p45 v-abl kinase is produced and isolated as 
described by Wang et aL in J.Biol.Chem. 2^, 64 (1985) and by Ferguson et al. in J^Biol^C^em. 260, 3652 (1 ^5} and 
in Biochem J. 2Sl 321 (1 989). 

26 

p45 v-abi kinase assay 

(Va[^)-angiotensin 11 phosphorylation is performed by incubation with 40 ng of purified abl-l^nase and (y-^^P) ATP, 
in 50 mJ of buffer containing TrIs-HCf 25 mM, pH 8.0, MgCl2 10 mM and dithiothreitol 0,1 vM {kinase buffer). The reac- 

30 tion mixture is incubated for the indicated time at 30'*C and the reaction stopped by adcBng 50 ^1 of 5% tdchloracefic 
acid. After a brief Incubation on ice the tubes are centrifuged. The supernatants are spotted on phosphocellulose paper 
squares (Whatman P-81) and washed extensively in acetic acid. The radioactivity bound to dried phosphocellulose 
squares is measured in a liquid scirTlillation counter. IC50 values are calculated from triplicated determination of each 
experimental point. Each Inhibitor Is tested at concentraftons ranging from 0 to 400 fig in the presence of fixed ccmcen- 

36 trations of peptide {2 mM) and ATP (50 \M). 

In Vivo Assay 

K562 ceil grow^ inhibition asss^ 

40 

K562 cells, a human myelogenous leukemia cell line, were seeded into a 24 wells tissue culture plate (Falcon 3047) 
(1 0000/well) in the presence of increasing concentrations of the compounds. After 72 h, cells were han/ested and were 
counted using a cell counter (Cotrfter Counter-ZM). The percent of inhibition was evaluated in resp^ to the ur*reated 
control cells. 

4S In v\m of th^r high activity and low toxidly, the compounds of the Invention can be used saf^y in medicine. 

The compounds of the invention can be administered in a variety of dosage forms, e.g. orally, in the forms of tablets, 
capsules, sugar- and f llm-coated tablets, liquid solutions or suspensions; rectally, in the form of suppositories; parenter- 
ally, e.g. intramuscularly, or by intravenous injection or infusion; or topically The dosage depends on the age. weight, 
condition of the patient and administration route. For exanple, the dosage adopted tor oral administration to adult 
50 humans for me compound 4-(5Hndanylamino)-7H-pyn'dcH2,3-d]piffimidine may rarwie from about 5 to about 160-200 
mg per dose, from 1 to 5 times dally. Of course, these dosage regimes may be adjusted to provide the carnal thera- 
peutic response. 

The pharmaceutical compositions containing the compounds of the invention are usually prepared foltowing conven- 
tional methods and are administered in a pharmaceutically siitable form. 
55 For example, the soBd oral forms may contain, together with the active compound, diluents, e.g, lactose, dextrose, sac- 
charose, cellulose, corn starch or potato starch; lubricants, e.g. silica, talc, stearic acid, magnesium or calcium stearate, 
and/or polyethylene glycols; binding agents, e.g. starches, arable gums, gelatin, methylcellulose, carboxymethylcellu- 
fose or polyvinyl pyrroJidone; disaggregating agents, e.g. a starch, aiginic acid, alginates or sodium starch glycolate, 
effervescing mixtures; dyestuffs; sweeteners; wetting agents, such as lecithin, polysortjates, laurylsulphates; and, in 
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general, non-toxic and pharmacologically inactive substances used in pharmaceutical formulations. Said pharmaceutic 
cai preparations may be manufactured in known manner, by means of mixing, granulating, tabiettlng, sugar-coating or 
f ilm-coatlnp processes. 

The liquid dlsper^on for oral administo-ation may be, ag,, syrups, emulsions and suspensions- 
5 The syrup may contain as carrier, for example, saccharose or saccharose with glycerine arKj/or mannltd and/or sorbitoL 
The suspensions and the emulsions may contain as carrier, tor example, a natural gum, agar, sodium alginate, pectin, 
methylcellulose, carboxymethylcellulose or polyvinyl alcohol. The suspensions or solutions for intramuscular injections 
may contain, together m\Y\ the active compound, a pharmaceutically acceptable carrier, e.g. sterile water, oltve oil, ethyl 
oteate, glycols, €.g, propylene glycol, and» if desired, a suitable amount of Hdocaine hydrochbride. 
10 The solutions for Intravenous injections or infusions may contain as carrier, for example, sterBe water or, preferal^y, they 
may be in the form of sterile aqueous. Isotonic saline solutions. 

The suppositories may coritain, together with the active compound, a pharmaceutically acceptable carrier, e.g. cocoa- 
butter, polyethylene glycol, a polyoxyethylene sorfoitan fatty actd ester surfactant or lecithin. 
Compositions for topical application, e.g. creams, lotions or pastes, can be prepared by admixing the active ir^redient 
T5 with a conventlc»ial oleaginous or emt^sif)^ng exciplent. 

A further c^jed: of the present invention is a combined method of treatment of cancer or of amelioration of the conditions 
of mammals, inctuding humans, suffering from cancer, said method comprising administering 

1) a compoijffid of the invention, that is a compound of fornuila (1), or a pharmacarflcally acceptable salt th^^jf. 
20 and 

2) an additional antitumor agent, h amounts and cbse enough together in time suffid^ to produce a therapeuti- 
cally useful effect. 

The preset »ivention also provides procbicas containing a compound of the invention, tiiat is a compound of formida (1) 
2s or a pharnrtaceuScaRy acceptable salt thereof, and an additional ^itumor agent as a confined preparation for simul- 
taneous, separate or sequential use in anticancer tfierapy. 

The term "anti^mour agenf is meant to comprise both a single antitumour drug and "cocktails^, i,e, a mixture of such 
drugs, according to the clinical practice. 

Examples of antitumour agents that can be formulated with a compound of the invention a-, alternatively, can be admin- 
30 istered in a combined method of treatment, include doxoritoldn, daunomycin, epirubicin, kJarubicin, etoposide, fluorou- 
racll, melphalan, cyclophosphamide, bleomycin, vinblastin and mitomycin or a mixture of two or more thereof. The 
compounds of the invention can therefore be used in a treatment to ameliorate a cancer. They may be administered to 
a patient suffering from a cancer fe-eatable with an antitumour agent, for example an anthracycline glycoside such as 
doxorubicin, daunomycin, epirubicin or Idariiaidn as mentioned above, together with the antitumour agent. 
SB A compound of the invention and an antitumour agent sudi as an anthracycline glycoside can be ^ministered to 
improve the condition of a patient having leul^mla such as myeloblastic leukemia, lymp^ma, sarcoma, neuroblast- 
oma, Wilm's tumour or malignant neoplasm of the bladder, breast, lung or thyroid. 

Accordingly, the present invention provides a method of treating a patient in need of a tyrosine kinase inhibitor, the 
method comprising administering to said patient a therapeutically effective amount of a compound of formula (I) as 
40 defined ^ve, ^ a li^armaceutically acceptable salt thereof. 
The fdiowing examples illustrate but do not limit the Invention. 

Exanraate 1 

45 4-(5-indanylamlno)-7H-pyrrolo[2,3-d|pyrln^ffie tiydrochloride, 

A solution of 4-chloropyf rolo[2.3"d]pyrimidine {1 .536 g, 1 0 mM) and 6-aminotndan (1 .332 g, 1 0 mM) In isopropanol 
(60 ml) is heated to reflux for about 20 h. The resulting salt su^ension is then cooled to room temperature, filtered and 
the residue washed with ice-cooled isopropanol to give almost pure title compound in about 75% yield. 

60 





calcd: 


C62.83 


H5.27 


C1 12.36 


N 19.54 




found: 


C62.45 


H5.15 


Ct12.21 


N19.35 



65 

MSm/z286, 

According to the above described procedure the following compounds can be prepared: 
4-(4^ndanylamlno)-7H-pyrrolo[2,3-d]pyrimtdine hydrochloride; 
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4-(1 -letralylami no)-7H-pyrroloE2,3-d]pyrimlciine hydrochloride; 
4-(a-tetralylami no) "7H-pyrro]o[2,3"d]pyr'imldine hydrochloride; 
4"(5-tetralyl^inoh7H-pyTOlof2.3<l]pyrirnidlne hydrocWoride; 
4-(2<xxtnctot-5-y}anilno)"7H-pyrrolo[2,3-d]pyrimidirie hydrochloride; 
4-(7"bromo-5-indanylarn]no>7H'pyrrofo[2,3-dlpyrirn]dine hydrochloride; 
4"(6-bromo-4-mdanylamlno)"7H-pyrrolo[2,3"d]p)^imldine f^drochloride; 
4-{3-bromo-1 4etralyiamino)-7H-pyrroloI2,3-d|pyrim'fdine hydrochlortde; and 
4-{4-bromo-24etralylarnino)-7H-pyrrolo[2,3<J]pyrlmy ^^rochloride. 

Example2 

4-{5-lndanylamino)-7H-pyrrolo[2,3-d]pyrimidine. 

A suspension o1 4-(5-indanyfanrHno)"7H>pyn'olo[23<Q pyrlmldine hydroditoride (2.868 10 mM) and potas^um 
carbonate {2764 g, 20 mM) in nrtethanol (60 ml) is stirred at ambient temperature for 0.5 h. The mixture is fiitered and 
the filtrate evaporated under vacuum. The residue Is purified by column chrwiatogr^hy u^ng a 93:7 rroxlure of dkihlo- 
romelhane/methanol as eluarrt to give pure title compound in 85% yield. 





calcd: 


C71.98 


H5.64 


N22.38 




found: 


C71.56 


H5.45 


N22.25 



MS m/z 250. 

By proceeding analogously the following compounds can be prepared: 

4-(4-indanylamlno)-7H~pyrrolo[2,3'djpyrimidine; 

4-(1 -tetraf ylamino) -7H-pyrrolo|2,3-d]py rimtdine; 

4-(2-tetra!y]amino)-7H-pyrfoloi2,3-d]pyrimtdine; 

4-(5-tetraiyiamtno)-7H-pyrfolo[2,3-d]pyrimidlne; 

4-(2-oxindol-5-ylamino)-7H-pyrrob[2,3-d]pyrimidine; 

4-(7'bromo-5-indanylamino)"7H-pyrroto[2,3-d]pyrimidine; 

4-(6-bromo-4-indanylamlno)-7H-pyrroloI2,3-dlp^imidine; 

4-{3-bromo-1 -telralylamino)-7H-pyrrolol2,3<i]pyrimidine; and 

4<4-brc:tfno-2-tetralylamino)-7H-pyrrolot2,3-d]pyrimidlne. 

Example 3 

4-(2-t6tralyk)Xy)-7H'pyrroto[2,3-dlp5«inHdine. 

To a solution of 2-hydroxytetralin (1.482 g, 10 mM) in SO ml of aqueous potassium hydroxide solution containing 
1,683 g (30 mWI) o1 solid potassium hydroxide is added 4-chloro-pyrroio[2,3"d]pyrimidine (1.536 g, 10 mM), The reac- 
tion mixture is stirred for about 0.5 h at room temperature until most of the 6-chloro-pyrldo[2,3-cl]pynmidine dissolves 
and then heated on the steam baUi lor further 0.5 h. The nr^xture is cooled, filtered and the residue recrystallized from 
hot aqueous efhanol to give pure ^ oonrpound In 65% yield. 



C16H15N30 


calcd: 


C72.43 


H5,70 


N15.84 




found: 


C72.25 


H5.65 


N15.80 



MS m/z 265. 

Acceding to the above described pH^ocedure the foiiowing ccMnpounds can be prepared: 

4*(5-lndanylaxy)-7H'-pyrrolo[2,3-d]pyrimldine ; 

4"(1 -tetralyloxy)-7H-pyrrolo[2,3-d]pyrimidine; and 
4-(2-oxtndol-5''yloxy)-7H-pyrFoioE2,3-d]pyrimidine. 
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Example 4 

4-(2-tetralylthio)-7HiDy(Tob[2,3"Cllpyrimidine. 

5 To a soiulian of 4-chloropyrroloE2»3*<i]pyrlmidine (1 .536 1 0 mM) in methanol (30 m!) is added a solution o1 2-mer- 
captotetralin (4.928 g, 30 mWI) In methanollc potassium hjdroxide (60 mi containing 1.60Sg (30 mM) solid potassium 
hydroxide). The reaction mixture is stirred for 0.5 h at room t^perature and then boiled for 0.5 h at reflux. The solution 
Is concenlrated under vacuum and then cooled to give crystalline title expound ir^ alMut 65% yield. 



C16H15N3S 


calcd: 


C68.30 


H5.37 


N1493 


811,39 




found: ' 


C68.15 


H5.25 


N1475 


S1 1.31 



15 MS m/^ 281. 
Example 5 

4-{5-incfenylmethy!>"7H-pyrroto[2l,3-d]pyrBHldina 

20 

A solution of 5-(5-indanyl)-5-(pyrroloI2,3H:l]pyrimidin-4-y!) barbituric acid (3,614 10 mM) and sodium hydroxide 
(2.00 g. 50 mM) in wafer (40 ml) is refiuxed lor 15 h. After cooling the solution is made slightly acidic (pH4-5) by addition 
of HCI and again refiuxed for 15 h. The scrfuSon Is oooJed, made strongly basic with sodliwti hydroxide and th^ 
extracted with ethyl acetate. The organic |:^se is washed with water, cb-ied and then ev^wated to dryness under vac- 
25 uum. The residue Is purified by colunwi clv(»natography using dichlwomethane/methanol 93:7 as eluant. Thus pure titte 
compound is obtained In about 65% yield. 



30 



C16H15N3 


calcd: 


C77.08 


H6.06 


N16.85 




found: 


C7701 


H5,95 


I Nm75 



By proceedng armbgously the foliowing compounds can be pr^ared: 

$5 

4-(2-tetraly!methyl)-7H'pyrrolo[2,3-d]pyrim]dine; 

4"(2-oxindoi-5"ylmethyl)-7H-pyrroio[2,3<i]pyrimldin6; 

4-l>enzyl-7H-pyrrolof2,3"djpyrimidine; 

4-(4-pyridylmethyl)-7H-pyrrojo[2,3-dlpyrimidine; 

4''(54ndolylmefhy])-7H-pyrrolot2,3-d]pyrimidine; and 

4^6-cpjinolylm^hyl)-7H-pyn^lol2,3"Cflpyrimidine, 

Example 6 

45 4-(5-indani^amino)-7H-pyrroIoI2,3-d]pyrimidlne, 

A suspension of 4-(2"tetraIy1thio)-7H-pyn-olot2,3-d] pyrimidine (2.S14 g, 10 mM) and 5-aminoindan (3,996 g, 30 
mM) In water (100 ml) is heated in a sealed tube at 130*G for 20 h. Then the water Is evaporated under vacuum and 
me residue chromatographed on silica gel by using dichloromethane/ethanol mixtures as eluant. Thus almost pure titie 
50 compound is obtained in about 4S% yield. 



55 



C15H14N4 


calcd: 


C71.98 


H5.64 


N22.38 




found: 


C71.56 


H5.55 


N22.15 



MS m/z 2S). 
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Examc^6 7 

5-(5-irxlanyl)-5-{7HiDyrroiol2,3<0py^niicin-4-yl)barbiluH^ acid 

6 A siLBTy of 4-chloro-7H-pyrroloI2,3-dji::yrlmlcline { 1 .536 g. 10 mM) and 5-(5-indanyl) barbituric acid (2.443 g. 1 0 mM) 
is stirred in an oil bath. The temperature Is raised to 130*C in a period of 15 mm. Then the temperature is further 
increased from ISO-^C to 170*='a During this period apparently a reaction occurs since the slurry solidifies. The resulting 
solid Is maintained for further 1 0 min at about 170^0, Then the reaction mixture is cooled, triturated with sodiun bicar- 
bonate solution and hexane. The solid is filtered off, wash^ with water and dried under vacuum. The raw product is 

10 submitted to the next step without further purlf fcatlon. 

Examoie S 

4-chloro-7H-pyrroloI2,3-d]pynmidine. 

IS 

A mixture of 7H-pyrrolo[2,3"d]pyrim]din-4(3H)-one (1.351 10 mM) and POCIs {16 m!) is stirred for 1 h at reflux. 
The excess of POCI3 is removed under vacuum. Then dichforomethane and iced water ts added and the mixture stirred 
until the black solid dissolves. The organic layer is separated^ washed with bicarbonate solution, dried over Na2S04 and 
then evaporated to dryness. The yellow residue Is recrysiallized from toluene/hexane to give almost pure title com- 
20 pound in ©5% yield; m,p, 188*190*0. 

Ex a m ple 9 

Tablets eadi weighing 0.1 50 g and containing 25 mg of the active substance, can be manufactured as fdiows: 
CcMTiposition (for 10,000 tablets): 



4-(5"indanylamino)-7HiDyrrolo[2,3-d]pyrimldine 


250 g 


Lactose 


800 g 


Corn starch 


415g 


Talc powder 


30 g 


Magnesium stearate 


5g 



The 4-(5"indanytamino)"7H-pyrroloI2,3-d]pyrimidine, the lactose and half of the com starch are mixed; the mixture 
is then forced through a sieve of 0,5. mm mesh size. Corn starch (10 g) is suspended in warm water (90 ml) and the 
resulting paste is used to granulate the powder. The granulate is dried, comminuted on a sieve of 1 .4 mm mesh size, 
then the remaining quantity of starch, talc and magnesium stearate ts added, carefully n^xed and processed into t^- 
4S lets. 

Example 10 

Capsules, each dosed at 0.200 g and containing 20 mg of the active substance can be prepared, 

so 

Conposition ic^ 500 capsules: 



S5 
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4-(24€tralyIarniFK>)-7Hi3yrroto[2,3-d]pyrim]cline 
Lactose 
Corn starch 
Magnesium stearate 



10 g 
80 g 

5g 



10 

This fbrrmilafion is encapsulated In two-piece hard gelatin c^ules and dosed at 0.^0 g for each capsize. 
Claims 

15 1 . A conpocffid which is a 4-sid3Sfltufed 7H-pyrroio[2^3'd]pyrimicRne derivative of formula (I) 



20 



25 




(I) 



30 



36 



40 



45 



SO 



55 



wherein 

Xis 
A Is 

R is 

each of and Rg. 



each of R3 and R4, 



-CH^^ -NH-(CH2)fi-. -0"CCH2)n- or -S'-(CH2)n^ in which n is zero or 1 ; 

a mono- or bicyclic ring chosen from phenyl, pyridine^ tetralin, indan, 2-oxrndole, quinoline, 

isoquinoline and indole; 

hydrogen, OyO^ alkyi or benzyl; 

which may be the same or different, is Irxaependently chosen from hydrogen, halogen. CrC4 
alkid, C-{-C4 alkoxy, NR5R5 In which each of R$ and Rg independently is hydrogen or 0^-0^ 
alkyI and phenyl unsubstHuted or substituted by one to three substituents chosen from halo- 
gen, trffluoromethyl, 0^-04 alkyt and Ci-C4 alkoxy; 

which may be ^e same or different, is independently hydrogen^ C^-C^ alky!, halogen, 
hydroxy, 0^04 aB^jxy, CrC4 atoxycarbonyl, nitro, cyano or trifMorCHnethyl; 



or a pharmaceutically acceptable salt thereof; 

and wherein, when at the same time, X is -NH-(CHl2)n-, ■0-(CH2)n- or -S-(CH2)n-, R is hydrogen or C-i -C4 alky! and 
A Is phenyl, pyridine, quinoline, Isoquinollne or indole, then at least one of R^ and R2 is other than hydrogen, halo- 
gen, C^"C4 alk^, 0^-64 alkoxy or NRsR^ as d^ined alxive; 
and wherein, when at the same time, X is -NH-, A is phenyl; 

one of R-j and is hydrogen, C-[-G4 alkyI or phenyl unsubstituted or substituted by halogen, trifluoromethyl, C1-C4 
alky! or Ci -C4 a! koxy and the other is C ^ -C4 alkyI or phenyl unsubstituted or substituted by halogen , trifluoromethyl, 
Qr% s%l or C1-C4 alkoxy; and R3 and R4 are halogen, trifluoromethyl Ci-C4 alkyl or 0^-04 alkoxy; 
then R is other than hydrogen. 

2. A compound as claimed in claim 1 , wherein: 

X is -S-. 'CH^- or -NH-CCHg)^- in which n is ^ero cw 1 ; 

A Is tetralin, indan or 2*<»dnck)le; 

R is hydrogen; 

R^ and R2 are H; 

R3 and R4 are H or halogen. 
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3* A cximpound which is: 

4-(2-tetralyfth]o)-7Hi3yrrolo[2,3-cllpyrimidine; 

4-(5-irKJanylamlno)-7H-pyrrolo[2.3-d]pyrEmldtne; 

4-(4"Hidanylamino)-7H-pyrro!o[2,3'<flpyrimidine; 

4-(1-tetra)ylamlno)-7H"pyrrolo[2,3<i]py^'n^^cllne; 

4-(2-tetralylamlno)-7H-pyrrolo[2»3-d]pyrimidine; 

4-(S4etraly1amlno)-7H-pyrroio[2,3-d]pyrlmidine; 

4-(2-oxindo!-5-yIamino}-7H-pyrrolol2,3-d|pyr)m]dine; 

4"(7"bromo-5-lndanyjamino)-7H-pyrrolo[2,3-d]pyrlmtdine; 

4-(6-bromo-4-indanylaminD)--7H"pyrrolo[2,3-cflpyrimidine; 

4-(3-bromo-14etraiylam]no)-7H-pyrrolo[2,3-dlpyrimidtn€; 

4-(4--bromo-24Gtralyiamino)-7H-pyrjioloI2,3<fi[:^mirf^ 

4-(S-indany loxy)-7H"pyr ro!o[2.3-d|pyFi mldine ; 

4-(1-tetralyloxy)"7H-pyrrolo[2,3-d]pyrimidine; 

4-(2'-tetfalyloxy)-7H-pyrro]oI2,3-d3pyrimidlne; 

4-(2-oxlndol-5-yloxy)'7H-pyrro!D[2r3-d]pyrimidine; 

4-(5"irK3ar!ylmethyl)-7H"pyrrolo[2,3''d]pyrtmidine; 

4-(2"tetral3^methyi)-7H»pyrroloI2,3'<i}pyrimidine; 

4-(2-oxlndol-5-ylmethyl)-7H-pyrFoloI2,3-d]pyrimldine; 

4"benzyl-7H"pyrrolo[2,3'dJpyrimidine; 

4-{4-pyridylfnethyl)*7H-pyrroio[2,3-dJpyfirrrtdine; 

4-(5Hndoiylmethyl)-7H"pyrrolo[2 ,3"d]pyri midine; and 

4'<6K^UHiolylmethyl)-7H^rdo[2,3"d]pyfimidine; 

either as single isomer or as a mbcUjre hereof or a pharmaceuticatly acceptable salt Ihereol 

4. A pharmaceutical composition comprising a pharmaceutically acceptable carrier and/br difuent and, as an active 
principle, a compound as define m claim 1 . 

5. A compound as defined in daim 1 for use as an acUve therap^lc substance. 
€* A oonpound as claimed in dalm 5 for i^e as tyrosine kinase inhibitor. 

7< A compound as claimed in claim 6 for use in the control of immune system diseases, in Inhibiting the develc^ent 

of atheromatous plaque and restenosis, in the control of anglogenesis, as an anthmetastatic agent, in treating da- 
bettc complications, tn the treatment of pathologicaf proliferative conditions or in treating tumors. 

8. Products containing a ccBrpmjnd as defined In claim 1 and an additional antitumor agent as a combined prepara- 
tion for srnultaneous^ separate or sequential use in anti-cancer therapy. 

9* Use of a compound of formula (1), or a pharmaceuticaliy acceptable salt thereof, according to ciaim 1 , in the man- 
ufactiH-e of a medicament for use as tyrosine kinase kihbHor. 

1 0. A process for the preparation of a compound as defined in cl^m 1 , which prcK^ess conprlses: 

a) reacting a compound of formula (II) 




(II) 



R 
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wherein R, and R2 are as defined in daim 1 and L is a leawng group, with an amine conpound of lunula 

(III) 



H^NMCH^)^— (III) 



^4 



wherein n, A, R3 and R4 are as defined in claim 1 , thus obtaining a compound of formica (I) in which X is -NH- 

(CH2)^-;or 

b) reacting a compound of formula (il) as defined above, with an hydroxy compound of formula (IV) 



HO-(CH,)„— tAJ (IV) 



wherein n, A, R3 and R4 are as defbed in claim 1, thus obtaining a compound of formula (E) in whldi X is O- 
(CH2)nSor 

c) reacting a compound of formula (II) as defined alx)ve, with a Ihio comi:K>und of fornrya (V) 



HS-(CHJ„-tAJ (V) 



wherein n. A, R3 and R4 are as defined in claim 1, thus gh^ a oonpound of formula (0 in wNch X is -S- 

{CH2)„-: or 

d) l^roiyzing and decarijoxytafing a compourxj of formula (Vi) 




(VI) 



wherein A, R, Rj, Rg* R3 and R4 are as defined in daim 1 , ^us providing compounds of fornnula (!), wherein X 
is -CH2-; 

and, if desired, converting a compound of formula (I) into another compound of formula (I), and/or, If desired, con- 
verting a compound of formula (I) into a salt thereof, and/or^ If desired, converting a salt of a compound of formula 
(I) Into a free compound of formula [% and/cw, if desired, separatmg a mixtiffe of isomers of a compound of formula 
(!} info the single isomers. 
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